Abstract. [Purpose] This study examined the effect of a Swiss ball exercise program for elderly females on physical fitness and balance ability in order to offer basic data for the development of an exercise program to improve the quality of life and promote the health of elderly females.
INTRODUCTION
Today, average life expectancy due to the development of medical technology and standard of living has increased leading to an increase of elderly people. As a result, the elderly population aged 65 or over accounts for 10.3% of the total population in Korea. In 10 years from now, this percentage will be 14%, and Korea will be an aging society. In 2026, the percentage of elderly will rise to 20%, marking Korea as a super-aging society 1) . As the increase of the elderly population is becoming a social issue, interest in the quality of elderly life has increased in many sections of society, and health problem of the elderly have been recognized as an important issue which needs to be covered at the level of government as well as family and the elderly themselves 2, 3) . Physical fitness is defined as the ability to move the body efficiently, healthily and effectively in daily living, and it includes both fitness related to health and function. In general, aging works as the main cause in the decreases of physical fitness, leading to decrease of balance that in turn raises the risk of falls, early death of the elderly [4] [5] [6] . Balance is the ability to keep the center of gravity on the base of support for static and dynamic movement. It is a complicated process involving sense, movement and the central nervous system, and their integrated coordination 6) . Balance is also the most essential factor for people to live daily life and perform purposeful activities such as walking [2] [3] [4] [5] . Reduced balance is caused by decreases of neuromuscular integration ability, adaptability, muscle strength and flexibility, and cognitive awareness [2] [3] [4] [5] . Therefore, the improvement of physical fitness and balance ability of the elderly through proper physical activities and exercise programs should have a positive effect on improvement of quality of life enabling the elderly to manage their independent living.
Currently, various types of exercise programs are being used to increase the physical fitness and balance ability of the elderly. The most frequently used exercise methods are complicated training programs (28.13%) that contain muscle strength, flexibility and balance training 7) , and there is a lack of simple and effective exercise programs for the elderly to strengthen physical fitness. This study focused on a Swiss ball exercise program.
Swiss ball exercise is not only used for treatment purpose, but also by sports players to increase muscle strength and for neuropathy patients to increase balance. It is very easy, safe and interesting, so men and women of all ages can do it without the need for large spaces or expense 8, 9) . Also, core muscles not usually used during common exercises are recruited in order to keep stability due to the instability of ball itself 9) . Thus, Swiss ball exercise requires more sense of balance and its positive effects are reinforcement of muscle strength and endurance, increase of flexibility, increase of joint stability and coordination, and enhancement of proprioception 10, 11) . Therefore, the aim of this study was to examine the effect of Swiss ball exercise program for elderly females, especially its effect on physical fitness and balance ability in order to offer basic data for the development of an exercise program for improving the quality of life and promote the health of elderly females living in a farm village.
SUBJECTS AND METODS
Sixty-five elderly women aged over 78 participated in this study from July 8 to September 21, 2010 for 12 weeks. The subjects who had no special exercise experience in the previous 6 months, no serious impairment of the visual or vestibular organs and normal cognitive function (MMSE-K: 24 point or more, GDS: 14 point or below) were selected by a survey 12, 13) . The subjects were divided into two groups: an exercise group and a control group. The exercise group (n=38) performed Swiss ball exercise twice a week for 12 weeks. The control group (n=40) performed their daily activities only. The subjects were told about the general purpose, method and details of the study and signed a consent form before participation.
Physical fitness and balance were evaluated. Physical fitness had two items: muscle strength and flexibility. To evaluate muscle strength, the Sit-to-Stand test was performed for the lower limbs and the Arm Curl test for the upper limbs. To evaluate flexibility, the Sit-and-Reach test and Back Scratch test were performed. To evaluate balance, One-Legged Standing time and the Timed Up & Go were measured.
The sit-to-Stand test (women: r=0.71) 14) evaluate muscle strength of the lower limbs. Subjects sit in a chair with their arms folded in front of the chest, and stand up and sit down repeatedly for 30 seconds. The number of times (unit: sec) is recorded. The Arm Curl test (women: r=0.79) 15) evaluates muscle strength of the upper limbs. Subjects sit in a chair with their feet touching the floor and perform bicep curls while holding a 1.8 kg weight with the palm upward for 30 seconds. The number of times (unit: Num) is recorded. The Sit-and-Reach test (r=0.61 to 0.89) 16) evaluates flexibility of the lower limbs. Subjects sit in a chair and stretch both legs. Then they bend forward to touch their toes or put their hands beyond their toes. The distance between fingers and toes is measured with negative values being given when fingers do not reach the toes (unit: cm). The Back Scratch test 17) evaluates the flexibility of the upper body. In the standing position, subjects place one hand behind the head and back over the shoulder, and reach as far as possible down the middle of the back, with their palm touching their body and the fingers directed downwards while placing the other arm behind the back, palm facing outward and fingers upward and reaching up as far as possible attempting to touch or overlap the middle fingers of both hands. The distance between the finger tips is measured with negative values being given when the fingers do not touch (unit: cm).
One-Legged Standing time evaluates static balance 18) . In the standing position, subjects spread out both arms horizontally and bend one leg to 90° with their eyes closed. The length of time for which subjects can maintain this posture is measured. This test was performed twice and the maximum value was recorded (unit: sec). Functional mobility was assessed using the Timed Up & Go test. Several studies have reported its high test-retest reliability (ICC = 0.97) 19) and excellent intra-and inter-reliability (ICC = 0.99) 20) . A distance of 3 m was determined and adhesive tape was fixed to the floor to mark it as a reference line. The test started and ended with the subject seated in an armless chair with keeping their knees flexed at 90° and their arms at their sides for balance. Subjects were asked not to use their hands when standing up and sitting down. The time taken to complete the task was measured. The test was performed twice and the maximum value was recorded (unit: sec).
The Swiss ball exercise program consisted of 12 types of exercises required for balance and performance of functions twice a week for 12 weeks: warm up (10 min), exercise (30 min) and cooling-down exercise (10 min) ( Table 1 ). The ball used in this program was 55 cm in diameter, and it was selected with consideration of the height of the subjects. For warm up and cooling-down exercises, stretching was performed to increase flexibility of the joints and a break time of three minutes was inserted between each set in consideration of the physical strength of the subjects. Each exercise was performed in three steps from the easy to difficult level: ball exercise in the lying-down position (Table 1, 1-7) , ball exercises sitting on the ball (Table 1, [8] [9] [10] , and ball exercises using the wall (Table 1, 11, 12) . The program lasted for 12 weeks and the number of repetitions and sets were gradually increased by session. The intensity of exercise was the level that the subjects felt was 'a little difficult' based on the Borg Scale. If the subjects experienced difficulty during the exercise due to feeling lightheaded or dizzy, they stopped the exercise and took a rest.
SPSS (SPSS 12.0 KO for Windows, SPSS Inc, Chicago, USA) was used to analyze the collected data. Two-way repeated measures ANOVA (group×time) and the paired t-test were performed to compare measured items pre and post the exercise within each group. The independent t-test was performed for comparisons between groups. Statistical significance was accepted at values of p<0.05.
RESULT
The general characteristics of subjects are shown in Table 2 . There were no significant differences between the two groups except for GDS, but a score below 14 is in the normal range. In the two-way repeated measures ANOVA (group×time), the results of changes in physical fitness (muscle strength and flexibility of the upper and lower body) of the elderly subjects pre and post Swiss ball exercise are shown in Table 3 . Sit-to-Stand counts showed significant increase between pre and post exercise (p=0.029) and between groups (p=0.024). Arm Curl counts showed significant increases between pre and post exercise (p=0.027) and between groups (p=0.008). Sit-and-Reach distances showed significant improvements between pre and post exercise (p=0.001) and between groups (p=0.001). Back Scratch distances showed significant increases between pre and post exercise (p=0.000) and between groups (p=0.034). The results of change in balance, pre and post Swiss ball exercise are shown in Table 4 . One-Legged Standing time showed significant increase between pre and post exercise (p=0.012) and between groups (p=0.006). Timed Up & Go times showed significant decreases between pre and post exercise (p=0.000) and between groups (p=0.000).
DISCUSSION
Weakening of physical fitness and reduction of balance ability due to aging increases the risk of falls, which may not only raises medical expenses but also lower the quality of life in old age. To prevent this, the importance of exercise programs for the elderly is being highlighted. Swiss ball exercise offers both stable and dynamic mobility which are useful for strengthening muscles and balance ability, respectively. These exercises are not boring due to the various motions of the ball and absorbs shock more than other muscle strength and balance exercises, so it is appropriate for elderly women [8] [9] [10] [11] . This study was designed to Mean ± SD. *p<0.05, **p<0.01, ***p<0.001, significant difference between groups. 23) reported that a significant improvement was found in balance of elderly women who had muscle and balance training, three times a week for 6 months. These results were similar to those observed in the current study and we consider that regular exercise can change muscle strength and balance based on our present results and those of these previous studies. An unstable ball surface requires appropriate strength and balance to keep a posture 8, 9) . Also, an increase in the number of muscle fibers created for the performance of the exercise is considered to lead an increase in muscle strength, thereby improving muscle endurance of the upper and lower body 10, 11) . This muscle strength is required for performing activities of daily living such as walking, climbing the stairs and carrying things, which are considered necessary for independent daily living [23] [24] [25] . Flexibility of the upper and lower body was also increased by stretching in the warm-up, cooling-down and Swiss ball exercises, leading to relaxation of joint and muscle. This improvement in flexibility expands the range of motion, leading to prevention and rehabilitation of musculoskeletal injury [22] [23] [24] . The Swiss ball exercise program for the elderly was effective at improving the physical fitness of the elderly in muscle endurance, flexibility, grip strength and walking.
On the relationship between elderly exercise and balance, Lee (2008) 26) reported that both static balance (4.96 ± 0.98 to 6.90 ± 2.14) and dynamic balance (11.32 ± 6.93 to 15.68 ± 5.69) were significantly increased in the elderly after a 12 week gym ball exercise. Chae (2006) 27) also reported that both static balance (4.96 ± 0.98 to 6.90 ± 2.14) and dynamic balance (11.32 ± 6.93 to 15.68 ± 5.69) were significantly improved in middle aged women by an 8 week gym ball exercise, five times a week, that the result is corresponding to that of this study. Han et al. (2008) 28) reported that a ball exercise group and a band exercise group showed improvements in both static balance and dynamic balance after an 8 week program. Especially, the ball exercise (7.37 ± 1.43 to 15.5 ± 0.90) was more effective than the band exercise (9.25 ± 3.54 to 13.75 ± 2.56) for static balance improvement. Topp et al. (1993) 29) found improvements in the balance of the elderly after 12 weeks of rhythmic balance exercise. These results were similar to those observed in the current study.
The instability of the ball itself is considered to quickly activate small postural muscles that are not frequently used as well as stimulate proprioception and the somatosensory system for keeping balance, contributing to improvement of static and dynamic balance ability [26] [27] [28] [29] .This improvement of balance ability is considered to reduce shaking posture and the risk of falls and to have the elderly spend more positive and active living 2, 4) . We showed that the Swiss ball exercise program had a positive effect on balance ability as well as physical fitness of elderly women and is an effective program for the prevention of falls and the promotion of health. Furthermore, many studies have reported significant effects after exercise periods of 8 weeks to 12 weeks or longer. In this study, the exercise, program twice a week for 12 weeks, resulted in significant improvements. Taken together, these results demonstrate that ball exercise for 8 weeks or longer improves the physical fitness and balance ability of elderly women. However, this study involved only a small number of subjects and follow-up studies are necessary to identify the significance of the physical fitness and balance ability improvements.
